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ABSTRACT 

Pesticides are used in agricultural fields to regulate pest population. These pesticides are usually toxic to 
non-target organisms like fish. Three of the main classes of pesticides are organochlorines, organophosphorous and 
carbamates. Organochlorines are the most commonly found pesticides in the environment including water, sediments, 
atmospheric air and biotic environment. Endosulfan is a broad spectrum organochlorine pesticide which has been 
commercially in use for decades to control insect pest. It is primarily used to kill insects and mites on crops including 
fruits, vegetables and cereal grains as well as ornamental shrubs, vines and trees. Endosulfan passes via surface runoff into 
natural waters, where it is accumulated in different organisms living in water, especially in fish, thus making it vulnerable 
to several prominent effects. Endosulfan is known to inhibit acetylcholinesterase, cause behavioural, neurological, 
oxidative, endocrine and other effects. The present review analyses the various effects of Endosulfan in fish. 
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INTRODUCTION 

Organochlorine pesticides consist of a variety of chemicals composed primarily of carbon, hydrogen and chlorine 
that include among others polychlorinated biphenyls (PCBs), polychlorinated dibenzofurans (PCDFs), 
dichlorodiphenyltrichloroethane (DDT), dieldrin, chlordane, heptachlor, toxaphenes, mirex, lindane, dicofol, 
hexachlorobenzene, chlordecone and endosulfan (1). Organochlorine pesticides have strong insecticidal properties and 
broad applications due to their low cost of large scale production. However, some organochlorine pesticides have been 
banned in many countries due to their persistent residual characteristics and unexpected toxicities to non-target organisms 
in the environment (2, 3). While much less persistent than other organochlorines, endosulfan is known to be highly toxic to 
fish (4, 5). 

Endosulfan (6,7,8,9,10,10- hexachloro-l,5,5a,6,9,9a- hexahydro-6, 9-methano- 2,4,3-benzodioxanthiepine, 
3-oxide) is a broad spectrum organochlorine insecticide (6). Endosulfan is a broad spectrum insecticide-acaricide of the 
cyclodiene subgroup which consists of two biologically active isomers: alpha and beta, respectively in ratio of 7:3 (7). 
Whereas, endosulfan sulfate is the main environmental metabolite found in water, sediments and tissues (8). It is one of the 
few cyclodiene pesticides still used throughout the world (9). It is most often used for pest control on a variety of 
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agricultural and horticultural crops, including; vegetables, cereals, fruits and tobacco (10, 11). The use of endosulfan is 
currently a concern because of its ability to enter the aquatic environment and affect non-target organisms. In water, 
endosulfan has been found to be present anywhere from a few days to a couple of months, depending on the chemical 
properties of the receiving water (12). Endosulfan is believed to act directly on the central nervous system of fish, which 
can lead to detrimental effects such as convulsions, hyperactivity and in severe cases mortality (12, 13). Traditionally, 
aquatic toxicity experiments focus on continuous exposures of toxicants and the associated acute or chronic effects. 

Endosulpan was first produced by Farbwerke Hoechst in 1950s and was manufactured in the USA by FMC. 
Endosulphan was first registered as a pesticide in the United States in 1954. It emerged as a leading chemical used against 
a broad spectrum of insects and mites in agriculture and allied sectors. In 1984, worldwide production was estimated at 
10,000 metric tons annually. Currently within the UNECE region only one company has been reported to produce 
endosulphan located at a site in Germany the company produces approximately 5,000 tpa (tons per anum) of the pesticide 
(14). There are however further production sites reported in non UNECE countries such as Israel, India, Korea and most 
recently in China. 

Genotoxic and Mutagenic Effects 

Exposure to xenobiotics in animals can sometime result in heritable damage or inactivation of DNA such 
phenomenon is called genotoxicity. The genotoxic potential of endosulfan may be attributed to its capability to act on 
genetic information and altering the structure of DNA thus interfering in prime cellular processes like replication, 
transcription and translation. Genotoxic chemicals such as insecticides have similar physical and chemicals properties that 
enable them to interact with genetic materials (15, 16). There is growing a concern over the existence of these 
genotoxicants in the aquatic environment as they have severe negative impact on fish health. There is considerable 
evidence that endosulfan can induce genotoxicity in aquatic organisms through ROS mediated damage to DNA (17). In a 
study carried out on Oreochromis mossambicus (Peters) to study genotoxic effect of endosulfan on DNA integrity as 
molecular biomarker, increase in percentage of hyperchromicity has been reported suggestive of the structural changes 
introduced in DNA due to the binding of endosulfan (18). Sana et al., (2016) (19) reported endosulfan to induce 
concentration and time dependent DNA damage in mori fishes ( Cirrhinusmrigala ). 

Endocrine Effects 

Fish are susceptible to endocrine disrupting effects during early developmental stages and early stages of life. 
Exposure to endosulfan has resulted in both reproductive and developmental effects in non-target animals. Endosulfan 
exposure caused reduced cortisol secretion in fish (20). Also, Endosulfan has been shown to have hormone disruption 
activity on diverse animals ranging from newts to zebra fish (21). Anderson et ah, (22) reported endosulfan to interact with 
androgen and estrogen receptors and interfere with sex steroid metabolism and has shown weak endocrine disruptor action. 
Endosulfan functions as endocrine disruptor by inducing vitellogen protein expression, which causes the gonads to release 
E2 and consequently interfering the estrogen-receptor interaction. A significant increase in vitellogen proteins has been 
exhibited by O. latipesmale fish treated with endosulfan at a concentration of LCi 0 (23). Further, Chakravarthy et ah (24) 
have reported the effect of endosulfan on vitellogenesis and its modulation by different hormones in the vitellogenic cat 
fishes, Clarias batrachus. Kumar and Reddy, (25) observed that endosulfan effects turnover of RNA and proteins thereby 
changing the levels of macromolecular constituents in the tissue of fish Claris Batarachus. Chronic exposure of endosulfan 
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to Labeo rohita (Hamilton) resulted in alteration in level of (Triodothyronine) and thyroid stimulating harmone (TSH) 
(26). 

Developmental Defects 

It is important to study development disorders caused by insecticides as it links between the concentrations of 
toxins and dysfunction in normal development from embryonic to puberty periods. Interference in the normal development 
and the growth may reduce the fish’s survival chance. Embryos and larvae may be directly exposed to insecticides, through 
the yolk or via parental transfer in viviparous fish (27). Published reports have shown that exposure to endosulfan during 
development can cause persisting neuro -behavioural dysfunction, at low as well as higher doses. Developmental effects of 
endosulfan on adult zebra fish were reported by et ah, they reported that treatments of endosulfan for 21 days severely 
impaired their hatching rate, without effecting its fecundity. The reproductive changes observed are presumably associated 
with the occurrence of ova-testes in males. They found that the hatching time, the GSI value in females, and the HSI value 
of male fish were affected by endosulfan. Also, the embryos and larvae of zebra fish ( Danio rerio) exposed to endosulfan 
exhibited an abnormal response to touching, suggesting that endosulfan is developmentally toxic to zebra fish (9, 28). 

Neurotoxic Effects 

Insecticides neuro-toxicity in fishes is often assessed by determining the alterations in Acetylcholine esterase 
(AChE) in brain, muscle, plasma and other tissues or perhaps GABA activity in brain. AChE is an enzyme responsible for 
inactivating the neurotransmitter acetylcholine (29). AChE inactivation results in the accumulation of the neurotransmitter 
acetylcholine in cholinergic synapses space, leading to synaptic blockage and disruption of signal transmission (30). Jia 
and Misra, (31), and few others reported that endosulfan, like other cyclodiene insecticides, cause neurotoxicity through 
GABA-gated chloride channel inhibition (6). Inhibition of these channels results in excitation because the neuron unable to 
repolarize (31). A mutation in an insect GABA receptor subunit gene has been shown to provide resistance to cyclodiene, 
including endosulfan, toxicity in some insects (32). 

According to the previously published reports of (33) Sarma et ah, exposure of bluegill sunfish ( Lepomisma 
crochirus ) and spotted murrel ( Channel punctatus ) to high concentrations of endosulfan for 96 h leads to the inhibition of 
brain AChE. In another study conducted by (34) Prakash and Muthulingam, a remarkable decline in glycogen levels in 
brain and muscle have been witnessed in Channa striatus (a species of snakehead fish) when subjected to low, medium and 
high sub-lethal concentration of endosulfan. Other studies have also shown that inhibition of AChE enzyme is associated 
with the toxic effects of endosulfan (35). Dutta & Arends, (36) reported that AChE activity was inhibited in brain of 
Lepomis macrochirus, similarly (37) Kumar et ah, showed inhibition of AchE in Labeo rohita. Endosulfan induced 
inhibition of AchE in muscle of Jenynsia multidentata has also been observed (38). By affecting the AChE activity in fish, 
the swimming capability and performance of fish is hampered which can contribute to more harmful consequences (39, 
40). Pereira et ah, (41) reported Endosulfan exposed zebra fish ( Danio rerio ) showed a general decreased exploratory 
ability, including reduced mean speed which lead to lower distance travelled. 

Behavioural Effects 

Behavioural changes are recognised as most sensitive indicators of possible toxic effects. The behavioural and the 
swimming patterns of the fish exposed to different insecticides include changes in feeding activities, swimming behaviour, 
competition, predation, reproduction and species-species social interactions such as aggression. 
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The effect of certain insecticides on the activity of acetylcholinestrase may lead to a decreased mobility in fish 
(42). Gormley & Teather, (43) have reported the same alterations in Oryzias latipes , treated with endosulfan. Reduced 
feeding behaviours of Thalassoma pavo was reported with endosulfan (44) also changes in spontaneous swimming activity 
of Jenynsia multidentata are documented (45). In Zebra fish (Danio rerio) endosulfan exposure showed a general 
decreased exploratory ability, including reduced mean speed, it also affected animals swimming body turn angles, 
suggesting it significantly impairs animals’ exploratory performance, and potentially compromises their ecological and 
interspecific interaction (46). Further endosulfan has been shown to effect behavioural pattern in Labeo Rohita at acute 
concentrations (17). 

Reproductive Effect 

Due to its potency and shorter duration in aquatic environment, endosulfan is widely employed as an organo- 
chlorinated insecticide. Majority of the previously conducted studies indicate that endosulfan may have a direct effect on 
fish population by affecting mobility, hunting success, growth and development and reproductive capability of 
vulnerable/exposed subjects (47, 48). Another study carried out by Susan & Sania (49) reported anti-estrogenic effects of 
endosulfan in fresh water catfish and reproductive problems caused by it in female teleost fish and opercoid fish. The 
reports are further supported by Singh and Singh, (50) who outlined the inhibitory role of endosulfan during reproductive 
growth thereby affecting phospholipid biosynthesis via hepatic enzyme systems as well as by hormonal imbalance. 
Evidences in favour of reproductive toxicity of endosulfan in fish include: lowered vitellogenin plasma levels in females 
(51), decreased clutch size (43), sex ratio skew towards females (52) in exposed Japanese medaka (Oryzias latipes ), 
suppression growth and reproductive activity in zebra fish (53), decreased hatching rate, reduced gonadosomatic index in 
females, vitellogenin levels increase in males and histological gonadal alterations (54) in exposed zebra fish (Danio rerio), 
a relatively abnormal response of exposed embryos and larvae of zebra fish to touching indicating developmental toxicity 
(9, 28), altered expression of steroidogenic enzymes, gonad-related transcription factors and cfGnRH mRNAs in larvae 
(55, 56) of the Asian catfish (Clarias batrachus), toxic effect on ovary at sub-lethal concentrations leading to the arrest of 
oocyte maturation (57). 

CONCLUSIONS 

Exposure of aquatic life to pesticides means a constant health hazard for the population. So, human population is 
at huge risk by consuming these toxicated fishes. This implies that we should be careful in the application of pesticides to 
defend the life of fish and other aquatic fauna. Endosulfan toxicity in fish has been studied by many researchers who 
suggested that at chronic level, it causes diverse effects including oxidative damage, developmental changes, endocrine 
disruption, genotoxic/mutagenic effects and neurotoxic effects especially inhibition of AChE activity. With increasing 
incidences of endosulfan usage and its adverse effects on non-target organisms like fish, it has become necessary to 
regulate the use of this pesticide. Since endosulfan is present in the environment with other similar organochlorine 
compounds, it may induce lethal or sublethal effects in fish. It is, therefore, a matter of great public health concern to 
frequently monitor the endosulfan residues in foods and humans in order to assess the population exposure to this 
pesticide. Moreover, for a safe use of thispesticides more scientific experimental work must be performed to determine the 
exact concentration and time of exposure that do not induce prominent toxic effects on fish. 
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